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INTRODUCTION 

The a i m  of t h i s  program is t o  determine the  f e a s i b i l i t y  of 
i d e n t i f y i n g  land use i n  Minnesota by automatic i n t e r p r e t a t i o n  of 
ERTS-MSS data. U l t i m a t e  ob jec t ives  include establishment of land 
use d e l i n e a t i o n  and q u a n t i f i c a t i o n  by computer processing with a 
minimum of human operator i n t e rac t ion .  This implies not only t h a t  
r e f l e c t i v i t y  as a func t ion  of calendar t i m e  can be catalogued 
e f f e c t i v e l y ,  but a l s o  t h a t  t h e  e f f e c t s  of uncontrol led v a r i a b l e s  
can be i d e n t i f i e d  and compensated. 
a b l e  d a t a  p o l l u t a n t ,  so p a r t  of our i n i t i a l  e f f o r t  i s  devoted t o  
determining t h e i r  e f f e c t  and the  construct ion of a model t o  help 
c o r r e c t  o r  j u s t i f i a b l y  ignore a f f e c t e d  data.  

Clouds are t h e  major uncontrol l -  

Other s h o r t  range ob jec t ives  a r e  t o  i d e n t i f y  and v e r i f y  measure- 
ments giving r e s u l t s  of importance t o  land managers. 
is a prominent example. 
d a t a  with some support  from e i t h e r  Band 4 or Band 5 t o  remove 
ambiguities.  
p e r i o d i c a l l y  t o  measure water bodies and t o t a l  water count w i th in  
s p e c i f i e d  areas. 

Lake-counting 
Open water is e a s i l y  detected i n  Band 7 

Land managers and conse rva t ion i s t s  commission s t u d i e s  

W e  performed a lake count i n  Ramsey County and compared the  
ERTS-derived count with a concurrent University of Minnesota aerial 
photo planimetry count. The r e s u l t s  were usua l ly  wi th in  10 percent  
on ind iv idua l  water bodies. Consideration of reasons f o r  t h e  
discrepancies  i n d i c a t e s  t h a t  the ERTS method should be used as the 
comparison reference.  The f e a s i b i l i t y  of water est imat ion using ERTS 
d a t a  is e s t ab l i shed ,  t h e  extension t o  implementation i s  s t r a i g h t -  
forward, and a t  least one worker used t o  the f r u s t r a t i o n s  and tedium 
of conventional methods i s  impressed. 
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AT.WSPHERIC EFFECTS STUDY 

R e f l e c t i v i t y  of t e r r a i n  i s  t h e  b a s i s  f o r  mul t i spec t ra l  (co lor )  
discr iminat ion t o  determine land use, vege ta t ion  species  and stress, 
water q u a l i t y ,  etc. The mul t i spec t ra l  scanner c o l l e c t s  r e f l e c t e d  
sun i r r a d i a t i o n  i n  t h e  v i s i b l e  and near infrared.  Additive com- 
ponents cont r ibu t ing  t o  t h e  MSS output include both usefu l  t e r r a i n  
r e f l e c t i o n  and u s e l e s s  atmospheric scatter. The t e r r a i n  r e f l e c t s  
both d i r e c t  sunl ight  and downscattered skyl ight  i n  q u a n t i t i e s  and 
r e l a t i v e  proportions dependent on sun angle,  l o c a l  and general  
atmospheric conditions,  and wavelength. 

A cursory glance a t  almost any WTS photograph shows the  wide 
v a r i e t y  of s i t u a t i o n s  which can occur and the f u t i l i t y  of t r y i n g  t o  
charac te r ize  t h e  atmosphere by an  average number o r  by s i n g l e  point  
measurements. 
widely i n  densi ty ,  s i z e ,  shape, o r i e n t a t i o n  and posi t ion.  No 
p a r t i c u l a r  s i t u a t i o n  ever repeats .  
between t h e  extremes of no-cloud and dense cloud. 
seen through tenuous cloud, and var ious d e n s i t i e s  o f  cloud shadow are 
cast. One question of i n t e r e s t  is the  degree of cloud allowable 
which w i l l  s t i l l  p e r m i t  land use categorizat ion.  

Throughout a 100 by 100 nmi format the clouds vary 

A fasc ina t ing  continuum e x i s t s  
The ground can be 

The u l t imate  da ta  processor requirements w i l l  b e  shaped p a r t l y  
by d e s i r a b i l i t y  and p a r t l y  on f e a s i b i l i t y .  
cloud and cloud e f f e c t  detect ion,  and f o r  da ta  cor rec t ion  based on 
sun angle,  season, and atmospheric conditions.  It is assumed t h a t  
inputs  such as sun angle and geographic loca t ion  w i l l  be ava i lab le ,  
but t h a t  atmospheric cor rec t iohs  should be derived from MSS da ta  as 
simply as possible.  Point-by-point or small-area cor rec t ion  is  
needed t o  reduce d a t a  s torage  requirements on-line because major 
disturbances such a s  cloud shadows occur i n  the  da ta  stream before 
t h e  clouds. 

W e  a n t i c i p a t e  a need f o r  

Our e f f o r t s  t o  d a t e  have included construct ion of a computer 
s imulat ion t o  compute t h e  expected apparent radiance of l a r g e  e a s i l y  
i d e n t i f i e d  sur face  objec ts  f o r  which the  s p e c t r a l  r e f l e c t i v i t y  is  
reasonably well-known. 
radiance due t o  d i r e c t  sun i l luminat ion is straightforward. However, 
t h e  skyl ight  component i n  a given s i t u a t i o n  is  not  so w e l l  known, and 
t h e  cont r ibu t ion  due  t o  atmospheric s c a t t e r i n g  toward t h e  MSS i s  not 
known. 
f o r  cloud shadowed t e r r a i n  are used, and f o r  dense clouds a r e  used. 

Computation of t h e  expected i n t r i n s i c  

To estimate t h e  e f f e c t s ,  MSS data  f o r  la rge  water bodies, 

Dense, powder-pull clouds c a s t i n g  recognizable shadows provide 
one way t o  estimate t h e  proport ion of i n d i r e c t  i l luminat ion when the  
shadows f a l l  on i d e n t i f i a b l e  homogeneous te r ra in .  Thus, w e  a r e  com- 
paring the  appearance i n  MSS data  of band values  i n  and out of cloud 
shadows a t  var ious sun angles with t h e  computational model. 
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The i n s e r t i o n  of tenuous cloud, v i s i b l e  or  not,  changes t h e  
s p e c t r a l  i l lumina t ion  and appearance of the t e r r a i n ,  as w e l l  as the  
radiance leve ls .  
the  r e f l e c t i v i t y  of the  t e r r a i n  s h i f t s ,  and the  observed radiance 
coordinates move toward t h e  source as t h e  cloud densi ty  increases.  
Large bodies of water provide the  most s t a b l e  la rge  area r e f l e c t o r ,  
so we are using da ta  from the  Red Lakes, Lake Superior,  e t  al ,  i n  t h e  
Minnesota a rea  t o  der ive c o r r e c t i o n  fac tors .  This e f f o r t  supple- 
ments the f o r e s t  spec ies  and land management computer c l a s s i f i c a t i o n  
described i n  a companion paper by Kirvida, e t  al. 
derived t h e r e i n  per ta ins  t o  a small area a t  one t i m e  under favorable 
atmospheric circumstances. This work is aimed a t  extending the  
c l a s s i f i e r  t o  varying calendar,  atmospheric and geographic conditions.  

The "color diagram" coordinates  of the  source s h i f t ,  

The c l a s s i f i e r  

RAMSEY COUNTY LAKE STUDY 

This study compares the  determination o f  lake  acreage from ERTS 
The r e l a t i v e l y  low radiance da ta  wi th  t h a t  from conventional means. 

values of water i n  WTS Band 7 give i n i t i a l  geographic o r i e n t a t i o n  i n  
p i l o t  run  p r i n t o u t s  ( r i v e r s ,  lakes,  ponds). Lines drawn around 
c l u s t e r s  of values i n  the  count range 0 t o  5 correspond reasonably 
w e l l  wi th  t h e  map or  photo locat ions,  shapes and relative s izes .  
chance a University of Minnesota graduate s tudent  was performing a 
planimetry survey f o r  t h e  Minnesota Land Management Information 
System a t  t h e  t i m e  we received MSS tapes. 

By 

Each MSS data  point  corresponds nominally t o  about 1.5 ground 
To account f o r  element overlap along the  scan l i n e s ,  the  acres. 

expression 1.104N + .453L converts t h e  number of elements t o  acres, 
where N is the number of elements and L is t h e  number of scan l i n e s  
involved. 
ana lys i s  ind ica tes  t h a t  0 t o  3 might be b e t t e r .  However, t h e  r e s u l t s  
given here  are f o r  the  i n i t i a l  0 t o  5 range, which appears adequate 
t o  discr iminate  open water from marsh. 

The s i g n a l  level range 0 t o  5 i s  a r b i t r a r y ,  and subsequent 

Table 1 shows r e s u l t s  f o r  16 of 72 map designated water a reas  or 
basins. 
planimetry r e s u l t s  were avai lable .  The discrepancies  i n  apparent 
a r e a  vary from less than one percent t o  42 percent,  with seven less 
than 10 percent. 

These 16 are " f i sh"  o r  "marginal-fish'' lakes f o r  which 

I n  comparing f igures  it must be remembered t h a t  t h e  lake  a rea  
includes most marsh a reas  around the  lake,  and not j u s t  the  areas of 
open water. 
open water, o r  water with small amounts of emergent vegetat ion o r  
rushes. 

However, the  MSS Band 7 l e v e l s  appear t o  i n d i c a t e  only 
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Resul ts  on the  remaining 56 lakes i n d i c a t e  t h a t  t he  ERTS d a t a  more 
accu ra t e ly  r e f l e c t  t h e  c u r r e n t  water o r i e n t a t i o n  than do the o ld  map 
data. Aerial photographs have shown t h a t  many lakes on the  map have 
been subsequently e l iminated by drainage (some map information da te s  
back t o  1949). 

These corresponded t o  areas of water or  swamp on USGS topographic 
maps. Since t h e  appearance.of water appears de tec t ab le ,  water 
f l u c t u a t i o n  i n  a swamp area of known contour could be used t o  estimate 
t h e  water t a b l e  v a r i a t i o n .  This information, when combined with 
o the r  information deal ing with inflow and outflow from a l ake  by 
su r face  systems would enable t h e  determination of mass budgets f o r  

Water areas not designated as lakes  were found i n  the WTS data ,  

lakes. 

NO 

62- 1 
7 

13 
28 
39 
46 
54 
55 
56 
57 
61 
71 
73 
78 

62-82 

Table 

LAKe 
Name 

S i l v e r  
Gervais 
Phalen 
Sucker 
Twin 
Pleasant  
McCarran 
Como 
Owasso 
Josephine 
T u r t l e  
Valentine 
S n a i l  
Johanna 
Wabasso 

I, Ramsey County Fish Lake Survey 

ACREAGE U T I 0  
ERTS - NAP PLAN. 

DERIVED PLANMETRY EXTS 

59 
204 
191 
55 
25 

55 1 
62 
63 

332 
112 
416 
50 

138 
189 
37 

73 
206 
192 
60 
35 

627 
70 
72 

355 
1 15 
447 
60 
16 
225 
46 

1.23 
1.01 
1.01 
1.08 
1.42 
1.14 
1.12 
1.14 
1.07 
1.03 
1.07 
1.19 
1.34 
1.19 
1.25 

82- 167 White Bear 2367 2479 1.05 

16 lakes Sums 4851 5 247 1.08 

One of t h e  most important lake types i n  Minnesota is t h a t  i n  
which ducks breed. 
appearing i n  t h e  sp r ing  and summer as lakes,  but as swamps and dry 
spaces the rest of t h e  year. 
o f t e n  not r e a l i z e d  i n  t i m e  t o  prevent farmers from draining them. 
Location of t hese  l akes  by ERTS monitoring could help preserve these  
areas and the  Minnesota duck population. 

These l akes  are usual ly  small and per iodic ,  

The importance of t hese  lakes  is 
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CONCLUSIONS 

Progress is being made i n  the  areas of sun angle  and atmospheric 
e f f e c t s  on t h e  d a t a  and i t s  in te rpre ta t ion .  
c o r r e c t i o n  using only navigat ion and calendar da ta  needed f o r  
sa te l l i te  operat ion and der ivat ions from the MSS data. 

The e f f o r t  is aimed a t  

Water est imat ion of value t o  land planners and conservat ionis ts  
has been demonstrated with v e r i f i c a t i o n  of performance by comparison 
with a concurrent s tudy involving map planimetry, aerial photos, and 
field-checking. 
coverage with timely information i n  a way not  now f e a s i b l e  by COR- 
vent iona l  methods. For example, the  reference d a t a  were obtained 
using t h e  most recent  f i l e s ,  which date  back t o  1949, and from most 
recent  photography taken i n  1968. The calendar t i m e  involved w a s  
t h r e e  t o  four months, which i s  a r e f l e c t i o n  on p r i o r i t y  pressure 
on t r a i n e d  manpower avai lable .  EXTS data  can help relieve t h i s  
problem by providing the  needed information while f ree ing  t ra ined  
manpower for  more appropriate  p a r t s  sf  t h e  e f f o r t .  

The satel l i te  w i l l  provide seasonal  and annual 
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